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INTRODUCTION

Part H of this report is the presentation of the results

and interpretation of strain data accumulated on the hook equipped

Boeing 720-027, N-113 during the Model 3500 Arresting Gear tests

at NAFEC, Atlantic City, New Jersey.

The instrumentation used to gather the data used herein is

described in Part I of this report.

Calculations on the applied nose landing gear loads and cross-

wind fuselage stresses are included.

Nose landing gear deflections were recorded but not tabularized

or utilized in the calculations of loads.
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DISCUSSION AND DESCRIPTION

The FAA Boeing 720 Dynamic arresting gear test was conducted
from October 19, 1962 to October 30, 1962 at the National Aviation
Facility Experimental Center test site at Atlantic City, New Jersey.

Stress instrumentation used during the test were strain gages
to obtain fuselage bending and cap stresses along with the tail hook shank

stresses. Strain gage location and significance is described on pages 12
and 13 . Figure ý on page 14 shows the gage locations.

A metalurgical study was made of the hook shank which was
yielded during the arrestment tests. Specimens were obtained from
the yielded area and from a similar area of low stress. The stress-
strain curves drawn for these specimens showed that strain-hardening
took place. The increase in the yield strength is due to high loads
which are a combination of bending, tension, and hook dynamic behavior.

By raising the elastic limits, the fatigue strength ol the deformed section
increases for a given number of load cycles, but ultimately reduces its
fatigue life.

The engaging velocities experienced were 78.4 to 135. 6 knots
and gross weights of 135, 000, 175, 000, and 220, 000 pounds were used.
Off center shots were 40 ft. at the lower gross weight and 20, 40, and
60 ft. for the maximum gross weight. One test run for the 175, 000 pound
gross weight with an engaging velocity of 96.4 knots and 10 ft. off center
was conducted. Engaging velocities, aircraft runout, distance from center-
line, hook loads, hook angles, and aircraft configuration for the actual
gross weights can be found on page 15

Total combined effect of keel beam stresses obtained during
arrestment and deadload stresses for tue 135, 000, 175, 000, and 220, 000

pound gross weight conditions are tabulated on pages 23 to 25 . The
deadload stresses are calculated on page 25

An analysis for the nose gear load and an example calculation
using run 25 for the Boeing 720 airplane during arrestment are on pages

26 to 35 . Also a free body diagram of the forces acting on the air-
craft for this condition is on page 36 Justification for using run 25
as an example is explained on page 37

The cross wind stresses in the fuselage at balance station 887
due to cantilever action are smnall, reference page 39
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Two curves were plotted on pages 42 and 43 of hook load vs

stress for strain gage 7, the steel hook attachment fitting, forward of
production station 960. It is to be noted that for high hook loads, the
stresses are starting to exceed the limits from static test load condi-
tion III (Reference: b. ). Since the material is steel, these stresses are
well below the limit design stress.

All the other gages on the fuselage which were read and summarized
on Page 2 have low stresses. The stresses (Gage S17 and S18) on the
hook shank have no general trend of hook load vs stress because of the

dynamic effect during arrestment. These stresses are well under the
design limit stress.

The appendix consists of two parts:

(1) Appendix C, Interpretation of the data obtained
from the Boeing 720 and 707 hooks tested at
Swarthmore College, Pennsylvania.

(2) Appendix D, Strain gage data reduced during the
NAFEC tests.
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SUMMARY

The fuselage stresses, fuselage accelerations and engine

accelerations obtained on the FAA Boeing 727-027, N-113 during arrest-

ments into the Model 3500 Arresting Gear at speeds through 135.6 knots

and gross weights through 220, 000 pounds'amyesdthin safe working levels.

A summary of stresses as obtained by strain measurement are

shown on pages 5 through 9. A
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a. Phone call from M. C. Wardle (All American Engineering Co.
to Richard Sliff (FAA test pilot) at Boeing Aircraft Co.
Seattle, Washington.

b. "Prototype Arresting Hook Installation Design for FAA-
Boeing 720 Aircraft, " All American Engineering Report
M-635B

C. Telegram from Boeing Aircraft Co. , Seattle, Washington to
John Clarkson (All American Engineering Co. ), Reference
No. 6-7776-226.

d. Aero Dynarnic Drag, Book by Sighard F. Hoernei-

e. Verbal conversation between John Clarkson ( All American
.Engineering Company) and Dean Grimm (FAA weights engineer).
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LOADS CRITERIA

ARRESTING HOOK ASSEMBLIES, BOEING 707 AND 720 AIRCRAFT

S.D. 1734, Task 440

1. GENERAL

I.I Scope - This criteria defines the load and load parameters whi h

will govern the design and analysis of the arresting hook assembciths

to be used on the Boeing 707 and 720 aircraft.

2 Description of Assemblies - Each arresting hook assembly will be

of the Sheaffer spring hook type consisting of a flat plate shank
welded to a hook point. A replacable light metal shoe will be bolted

to the hook point to complete the assembly.

One hook assenobly shall be designed to meet the a rresting load rc-

quirements of the Boeing 707 aircraft, and the other hook assembly

shall be designed to meet the arresting load requirements of the

Boeing 720 aircraft.

The Boeing 707 hook assembly shall be readily adaptable to instal-
tation on the Boeing 720 aircraft. However, a weak link shall be
incorporated as part of the installation in order to precluoci the

possibility of inadvertently applying to the 720 aircraft an ii-resting

load exceeding the structural capability of the reinforced hard point.

This will be accomplished by removing material from the 707 hook
shank and the process will thus be an irreversible one.

The Boeing 720 hook assembly shall not be capable of installation

on the Boeing 707 airc raft,

1. 3 Requirements - References 5. 1, 5. 2, and 5. ý define dli specifica-

tions for the assemblies. Structural requirements resulting from
these are stated in the following sections.

2. LOADS

I. 1 Linmit Loads - Limit loads are defined as the iiaxin.iOr arr-stl;c?

l;,(1s to whi' h the assemblies will c:irmaly be subij ted. Inhc

limio c,-ds w ill be dcitferent for the two ;cssencbl:.s , ;- c n l 1-:o"..

Boeing7U7 A0 G h-, cog 720 A0C.

350o- ,00011q-- 25, 00C05
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2.2 Yield Loads - Defined as the loads at which yielding of the assem-
blies can be expected to occur. Obtained by multiplying limit loads
by a yield load factor (paragraph 3).

3. LOAD FACTOR AND LOAD CYCLES

The factor listed below will be used to obtain the yield load as
noted in paragraph 2. 2.

3.1 Yield Load Factor, YLF = 1. 15.

3.2 Number of Load Cycles - Each hook assembly shall have the struc-
tural capability of being cycled from zero load to limit load and
back to zero load for a total of one hundred (100) cycles.

4. MARGIN OF SAFETY

Margins of safety shall be computed for critically loaded sections
as follows:

M.S. yield = E(Fty /(YLF)(Limit Load Stress)] -1

5. REFERENCES

5.1 AAE Sales Order 1485, dated 18 June 1962.

5.2 Addendum A to Sales Order Nos. 1470 thru 1485 dated 18 June 1962.

5. 3 Initial Plan - Mod. 3500 Follow-On Work, Inter-Office reference
(Program Planning) EPP-1, J. N. Eustis, dated 19 June 1962.

6. APPROVAL

B. R. Sheai r

W. Schlegel '2' F.M. HI- hley/J'.

M. C. Wardle B. Salvadori

25 June 1962
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